A hyperdopaminergic state in humans has been hypothesized to contribute to the pathology of a number of psychiatric illnesses, including schizophrenia, bipolar disorder, and attention deficit hyperactivity disorder. Mice that display elevated synaptic levels of dopamine due to a genetically engineered deletion of the dopamine transporter (DAT) model behavioral deficits that simulate the above conditions. As novel treatment strategies for these disorders have focused on the serotonin (5-HT) 2A receptor, we determined the capacity of the highly selective 5-HT 2A receptor antagonist M100907 to reverse behavioral deficits in DAT knockout (KO) mice. Prior to drug treatment, DAT KO mice exhibited increased levels of locomotor activity and highly linearized movement in a novel environment, as well as reduced prepulse inhibition (PPI) of acoustic startle, compared to wild-type littermates. Treatment with M100907 (0.3-1.0 mg/ kg, but not 0.1 mg/kg) reversed locomotor deficits in DAT KO mice. Similarly, treatment with 1.0 mg/kg M100907 reversed the PPI deficits in DAT KO mice. These data indicate that selective 5-HT 2A receptor antagonists, such as M100907, may represent a class of drugs that can be used to treat conditions in which a chronic, elevated dopaminergic tone is present and contributes to abnormal behavior and sensorimotor gating deficits.
INTRODUCTION
The serotonin-2A (5-HT 2A ) receptor is a ubiquitous Gprotein-coupled receptor that is distributed widely throughout the central nervous system in mammals (Hoyer et al, 1996 (Hoyer et al, , 2002 . The 5-HT 2A receptor has been associated with a number of the more common psychiatric conditions, including major depression, obsessive-compulsive disorder, excessive impulsivity, anorexia nervosa, and schizophrenia (de Angelis, 2002) . Converging lines of evidence, including linkage (Williams et al, 1996 ; although see Serretti et al, 2000) , postmortem neurochemical (Burnet et al, 1996; Gurevich and Joyce, 1997) , and neuroimaging studies (Ngan et al, 2000) suggest that the 5-HT 2A receptor may play an especially important role in the etiology of schizophrenia.
The precise nature of the link between the 5-HT 2A receptor and schizophrenic symptomatology presently remains unclear, despite the above observations. Nevertheless, the 5-HT 2A receptor has become the focus of extensive research as a molecular target for the treatment of schizophrenia and associated psychotic disorders, for a number of reasons (Geyer, 1998) . Firstly, psychoactive compounds with high affinity for the 5-HT 2A receptor, such as lysergic acid diethylamide (LSD) and ( 7 )À1-(4-iodo-2,5-dimethoxyphenyl)-2-aminopropane (DOI), exhibit potent hallucinogenic properties (Geyer, 1998; Aghajanian and Marek, 1999) , which have been suggested to mimic aspects of the positive symptoms of schizophrenia. Secondly, most atypical antipsychotic drugs display a high affinity for the 5-HT 2A receptor in addition to the dopamine D 2 receptor (Meltzer, 1999; Scatton and Sanger, 2000) . Thirdly, the 5-HT 2 subclass of receptors is densely expressed in many brain regions, including the striatum (Bubser et al, 2001) and prefrontal cortex (Jakab and Goldman-Rakic, 1998) , and may modulate dopaminergic neurotransmission in limbic brain regions, such as the nucleus accumbens and prefrontal cortex (eg Lucas and Spampinato, 2000) . Given the hypothetical role for a state of hyperdopaminergia in schizophrenia (Laruelle, 2000) , the ability of these compounds to modify mesolimbic dopamine transmission highlights their importance as drugs with potential antipsychotic activity. Furthermore, 5-HT 2A receptors can potently influence glutamate transmission in the frontal cortex, thereby affecting frontostriatal glutamatergic pathways, the dysfunction of which constitutes another major explanatory hypothesis of schizophrenia (Aghajanian and Marek, 2000) .
The putative antipsychotic drug R(+)-alpha-(2,3-dimethoxyphenyl)-1-[2-(4-fluorophenylethyl)]-4-piperidinemethanol (M100907) is a highly selective 5-HT 2A receptor antagonist with significantly greater affinity (4500-fold) for the 5-HT 2A receptor over the D 2 receptor (Palfreyman et al, 1993; de Paulis, 2001) , which may underlie its ability to achieve a high level of receptor occupancy in the absence of extrapyramidal-like symptoms in humans (Andree et al, 1998) . M100907 has been shown to elicit a positive response in a large number of preclinical paradigms designed to detect antipsychotic activity . Several of these rodent paradigms indicate that M100907 can reverse the behavioral effects of an acute hyperdopaminergic state that has been induced by amphetamines , potentially through modification of stimulated release of dopamine in the medial prefrontal cortex (Pehek et al, 2001 ) and nucleus accumbens shell (Marcus et al, 2000) .
In consideration of the above information, it would clearly be of interest to determine the capacity of M100907 to reverse the behavioral effects of a hyperdopaminergic state in a chronic, nonpharmacological model. Such an opportunity is afforded by the use of mice with a selective deletion of the gene for the dopamine transporter (DAT), which exhibits elevated interstitial levels of dopamine, as well as a range of behavioral deficits including locomotor hyperactivity (Gainetdinov et al, 1999) . DAT KO mice also display consistent deficits in a sensorimotor gating task, namely prepulse inhibition (PPI) of the acoustic startle reflex. PPI of the acoustic startle reflex refers to the reduction in startle magnitude that occurs following the presentation of a brief, nonstartling stimulus (Hoffman and Ison, 1980) . Prepulse inhibition deficits are frequently observed in psychotic disorders, such as schizophrenia , and have been modeled in rodents following treatment with psychotomimetic drugs, such as damphetamine , that raise synaptic levels of dopamine to levels similar to those of DAT KO mice. Hence, in the present study, we have examined the capacity of the putative antipsychotic M100907 to reverse the locomotor and PPI deficits in DAT KO mice.
MATERIALS AND METHODS

Subjects
For all experiments, WT and KO DAT mice were bred at the San Diego Veteran's Administration Medical Center in an Association for Assessment and Accreditation of Laboratory Animal Care-approved animal facility, which met all state and federal requirements for animal care, using parental mice received from Duke University (Giros et al, 1996) . Mouse pups were weaned at 28 days and were housed in groups of two to four (segregated by sex), in a temperatureand light-controlled colony (lights on at 1900 h, lights off at 0700 h), with food and water available ad libitum. All behavioral testing commenced no earlier than 8-9 weeks of age. ). Movements within the cylinder were detected by a piezoelectric accelerometer that was attached beneath the cylinder. Vibrations detected by the accelerometer were transduced into analog electrical signals that were subsequently digitized and stored by the computer. In all, 65 readings were recorded at 1 ms intervals, commencing at stimulus onset, and the average amplitude was used to describe the acoustic startle response. A high-frequency loudspeaker inside the box, mounted 24 cm above the chamber, generated the broadband background noise and acoustic stimuli, which were controlled by the SR-LAB software system and interface. Sound levels (dB(A) scale) and accelerometer sensitivities were monitored routinely, as described previously (Dulawa et al, 1997) , to ensure consistent sensitivities across test sessions (Swerdlow and Geyer, 1998) .
Locomotor activity was measured using the VideoTracker (VT) system, which consisted of four adjacent white plastic enclosures (41 Â 41 Â 34 cm 3 ) located at the floor level, that were surrounded by an opaque plastic curtain. Mice were placed separately into an individual enclosure, and at no time were ever in contact with other animals. Enclosures were wiped clean between each test session, to remove residual odors. A video camera, mounted 158 cm above the enclosures, generated the signal for the Polytrack r digitizer (San Diego Instruments). Signals were processed to acquire the left-uppermost coordinate for each of the four animals simultaneously; these data were then stored in a PC computer for subsequent off-line processing and analysis. The position of each animal (x, y) (in pixels) was sampled with a frequency of 18.18 Hz, which was used to generate a coordinate file (x, y, t) consisting of the x-location, y-location and the duration (time t) spent in that location. Each enclosure was further subdivided for analysis by the software into nine equally sized square regions. The spatio-temporal resolution of each recorded event was 0.32 cm Â 0.32 cm Â 55 ms, corresponding to a maximum speed of 25 cm/s.
Experimental Procedure Experiment 1. For the acoustic startle experiments, mice were tested initially in a baseline PPI session and divided into groups for subsequent drug treatment, based on measures of PPI and startle magnitude, in a balanced order. For the main experiments, mice were treated with either vehicle or M100907 (0.3 or 1.0 mg/kg) 30 min before testing. The experimental session consisted of a 10 min acclimatization period in which only broadband background noise (65 dB) was presented. The acclimatization was followed by a PPI session that consisted of five different trial types: no stimulus trials (NOSTIM); a startle pulse alone trial of 40 ms at 120 dB (P120); and three prepulse+pulse trials of a 20 ms noise prepulse at either 69, 73, or 81 dB, followed by a 80 ms delay, then a 40 ms 120 dB startle pulse. The NOSTIM trial consisted of only background broadband noise. All test sessions commenced and concluded with five presentations of the P120 trial, while the remainder of the session consisted of 10 presentations of each trial type in a pseudorandom order, with varying intertrial intervals (mean 15 s, range 12-30 s). Each animal was always tested in the same startle chamber.
Experiments 2-4
Locomotor activity sessions consisted of treatment with either vehicle or M100907 in separate cohorts of mice (0.1 mg/kg (experiment 2), 0.3 mg/kg (experiment 3) or 1.0 mg/kg (experiment 4)) 30 min prior to testing. In each cohort, a within-subjects crossover design was used. Mice were allowed at least 2 weeks prior to retesting with the alternate treatment. For testing, each mouse was placed in the bottom-left-hand corner of an enclosure at the start of the 60-min test session. Two general categories of movement were obtained: the first consisted of measures of overall locomotor activity, which represented the total distance traveled within and between each of the nine regions of the enclosure. The second category of movements consisted of the geometric pattern of locomotor activity, as quantified by the spatial scaling exponent, d, as described in detail elsewhere (Paulus and Geyer, 1991) . In brief, the scaling exponent quantifies the extent to which a series of movements falls along a straight line (d ¼ 1) or within a circumscribed area (d ¼ 2).
Data and Statistical Analysis
Prepulse inhibition was calculated as a percentage score for each prepulse intensity by the equation: % PPI ¼ 100-{(startle response for prepulse+pulse trials (PP4, PP8 or PP16))/(startle response for pulse alone (P120)) Â 100}.
The startle magnitude was calculated as the average of all pulse alone trials, excluding the first and last five such trials in each session. Data were analyzed using the BMDP statistical package (SPSS, Inc., Chicago, IL). ANOVAs were performed on the data for acoustic startle experiments, with treatment and genotype as between-subjects factors and prepulse intensity as a within-subject factor (preliminary analysis of data indicated that there was no significant main effect or interactive effects of gender; so data from both sexes were combined). Locomotor activity data from each cohort of mice were subjected to separate two-factor ANOVAs, with genotype as a between-subjects factor and drug treatment as a within-subjects factor. Where applicable, Tukey's tests were conducted for post hoc analysis.
RESULTS
Experiment 1
As observed previously (Ralph et al, 1999) , DAT mice exhibited a profound deficit in sensorimotor gating, as measured by decreased PPI of the acoustic startle reflex (Figure 1) . The results of the ANOVA revealed that there was a significant main effect of genotype on PPI (F (1,75) ¼ 14.27; po0.001), with no significant interaction of genotype by prepulse intensity (F (2,150) ¼ 0.14; NS). The ANOVA also revealed a significant genotype by treatment interaction (F (2,75) ¼ 5.48; po0.01), revealing the ability of M100907 to reverse selectively the PPI deficits in DAT KO mice. Post hoc comparisons revealed that DAT KO mice displayed significantly reduced levels of PPI across all prepulse intensities, compared to WT mice (pp4: F (1,75) ¼ 8.47; po0.01; pp8: F (1,75) ¼ 11.28; po0.01; pp16: F (1,75) ¼ 12.09; po0.001). Reduced levels of PPI in DAT KO mice were not associated with altered levels of startle reactivity (Table 1 ). In addition, the 1.0 mg/kg dose of M100907 reversed the DATKO PPI deficit (pp4: F (2,56) ¼ 3.97; p ¼ 0.05; pp8: F (2,56) ¼ 10.11; po0.01; pp16: F (2,56) ¼ 13.08; po0.001) (Figure 1 ). There was no significant effect of M100907 treatment on startle (F (2,75) ¼ 1.29; NS).
Experiment 2
Consistent with previous observations (Ralph et al, 2001) , DAT KO mice exhibited striking differences in the pattern and sequential organization of their behavior. Most noticeably, DAT KO mice were hyperactive in the novel environment, as they displayed elevated levels of locomotor activity, revealed by the ANOVA as a significant main effect of genotype on the distance traveled (F (1,39) ¼ 15.84; po0.001). Pretreatment with a low dose of 0.1 mg/kg M100907 failed to affect the distance traveled by mice (F (1,39) ¼ 0.20; NS), or generate a significant genotype Â treatment interaction (F (1,39) ¼ 0.17; NS).
In addition to the increased overall levels of locomotor activity in DAT KO mice, these animals displayed a distinct difference in the two-dimensional geometric pattern of their locomotor activity. Whereas WT mice exhibited a combination of straight, meandering, and circuitous movements within the enclosure, KO mice engaged in far more linearized and less tortuous movement as they typically followed the perimeter of the square enclosure. This aspect of spatial activity, described quantitatively by the spatial scaling exponent, d, was reduced significantly in DAT KO mice compared to WT mice (F (1,39) ¼ 70.87; po 0.0001), indicating that that behavioral repertoire of the KO mice was more restricted, and was reflected in large part by a high degree of locomotor perseveration; the pretreatment with 0.1 mg/kg of M100907 failed to have a significant effect on spatial d (F (1,39) ¼ 0.67; NS) or interactive effect with genotype (F (1,39) ¼ 3.16; NS) ( Table 2) .
Experiment 3
Consistent with the results of the prior experiment, the DAT KO mice in this cohort of animals displayed a significant main effect of genotype on distance traveled within the enclosure (F (1,38) ¼ 40.54; po0.0001), as their levels of locomotor activity were more than twice those of WT mice. The effects of treatment with a 0.3 mg/kg dose of M100907 were revealed as a significant main effect of the drug on distance traveled (F (1,38) ¼ 25.91; po0.0001). The ANOVA confirmed a significant interaction between genotype and treatment on the distance traveled (F (1,38) ¼ 9.43; po0.01). Subsequent analyses of the interaction with post hoc test revealed that 0.3 mg/kg M100907 selectively attenuated the distance traveled by DAT KO mice, although not to the levels of WT animals.
In parallel with the prior cohort of mice, DAT KO mice exhibited significantly reduced values of spatial d, (F (1,38) 
Experiment 4
As with prior cohorts, the DAT KO mice in this experiment exhibited significantly greater locomotor activity, indicated by ANOVA as a main effect of genotype in the total distance traveled within the enclosure (F (1,34) ¼ 6.37; po0.05). Treatment with 1.0 mg/kg M100907 generated a significant main effect of treatment on distance traveled (F (1,34) ¼ 11.12; po0.001) and a genotype Â treatment interaction (F (1,34) ¼ 13.17; po0.001). Analysis of the interaction with subsequent post hoc tests revealed that 1.0 mg/kg M100907 completely reversed the hyperlocomotion of DAT KO mice to the levels of WT mice, without having any effect on the activity of the latter animals.
The present cohort of mice also displayed the predicted reduction in spatial-d values in DAT KO mice (F (1,34) ¼ 20.09; po0.0001). Treatment with 1.0 mg/kg M100907 generated a significant main effect (F (1,34) ¼ 51.77; po0.0001) and a significant interaction of genotype Â 
DISCUSSION
In the present study, we have confirmed previous findings that mice with a genetic deletion of the DAT exhibit profound deficits in PPI, as well as substantially elevated locomotor activity, compared to their WT and HT siblings (Giros et al, 1996; Ralph et al, 2001) . Knockout DAT mice displayed significantly reduced levels of PPI across all prepulse intensities, without concomitant alterations in startle reactivity. Furthermore, we demonstrate for the first time that these PPI deficits can be reversed by the selective 5-HT 2A receptor antagonist M100907. Similarly, DAT KO mice displayed elevated levels of locomotor activity during exposure to a novel environment, which was also reversed by M100907 at doses that were without effect in WT mice. The results of the present experiments are in general agreement with those of prior studies. Elevated locomotor activity is one of the more consistent behavioral phenotypic traits of DAT KO mice (Giros et al, 1996; Spielewoy et al, 2000; Gainetdinov et al, 2001) ; in the present study, these mice exhibited levels of activity in a novel environment, that is, their total distance traveled two to three times those of WT and HT mice. The finding that M100907 can reverse hyperactivity selectively in DAT KO mice, which have elevated synaptic levels of dopamine (Gainetdinov et al, 1999) , complements earlier reports that M100907 reverses the behavioral hyperactivity induced by indirect dopamine agonists, such as cocaine, d-amphetamine and GBR 12909, in both rats and mice Carlsson, 1995; Kehne et al, 1996; O'Neill et al, 1999; McMahon and Cunningham, 2001) . Although the between-cohorts design of the locomotor tasks in the present study, using different cohorts of mice with different doses, precluded an explicit test of dose-dependency of M100907, the greater relative effect size of the highest dose strongly suggests that behavioral effects were dose related. Additional support for a role for the 5-HT 2A receptor in modulation of dopamine-induced hyperactivity in DAT KO mice is indicated by the capacity of the 5-HT 2A receptor antagonist ketanserin to reduce significant locomotion at doses of 0.4 and 2.0 mg/kg (Gainetdinov et al, unpublished results) . However, in apparent contrast to the present results, Carlsson et al (1999) previously observed no significant effect of M100907 on amphetamine-induced hyperactivity in mice. While animal strain differences and other minor methodological differences may account for this discrepancy, a more likely explanation rests with the difference in dosing schedules used in the two studies: Carlsson et al administered substantially lower doses of M100907, between 0.001 and 0.1 mg/kg, whereas the lowest behaviorally active dose in the current study was 0.3 mg/kg. Consistent with previous results (Ralph et al, 2001) , DAT KO mice in all cohorts of the present study displayed a reliable deficit in the spatial scaling exponent d. This d values) , respectively. The effect sizes of the three doses of M100907 on both locomotor activity and spatial patterns of movements in both wild-type and knockout mice are significantly larger in the pattern domain than in the locomotor domain. Nevertheless, M100907 changed the combination of locomotor activity and movement patterns in a similar direction for both wild-type and knockout mice, toward more circumscribed less repetitive movement patterns.
measure provides a sophisticated description of the geometric pattern of locomotor activity exhibited by rodents in a novel environment (Paulus and Geyer, 1991) . The reduced d values of DAT KO mice indicate that one form of perseveration, whereby locomotion is limited largely to a highly linear movement, as opposed to perseveration consisting of repetitive focal movements, was significantly increased (Paulus and Geyer, 1991) . Previously, we demonstrated that this behavioral deficit in DAT KO mice could be attenuated by treatment with the selective D 1 antagonist SCH23390, but not with the D 2 antagonist raclopride (Ralph et al, 2001) . The capacity of M100907 to reverse low d values in DAT KO mice at a dose of 1 mg/kg in the current study is unlikely to be mediated by its low affinity for the D 1 receptor. Instead, it may represent a previously unreported functional property of antagonism at the 5-HT 2A receptor, and would be consistent with the use of drugs with 5-HT 2A antagonism to treat disorders in which a high degree of perseveration is evident, such as schizophrenia and autism (Meltzer, 1999; Barnard et al, 2002) . Moreover, the larger effect size on the spatial patterns of movements vs locomotion may indicate that 5-HT 2A receptor activity regulates the degree of perseveration more sensitively than the degree of overall locomotor activity.
The capacity of M100907 to reverse PPI deficits in DAT KO mice is also consistent with prior studies that have demonstrated that sensorimotor gating deficits can be reversed by the drug. The PPI-disruptive effects of both DOI (Padich et al, 1996; Sipes and Geyer, 1997) and dizocilpine are potently reversed by M100907, although its capacity to reverse PPI deficits caused by a pharmacologically induced hyperdopaminergic state, such as through the use of amphetamines, remains unknown. In addition, M100907 exhibits positive responses in a number of alternative preclinical models used for the detection of antipsychotic compounds, including disruption of latent inhibition (Moser et al, 1996) and potentiation of the effects of typical antipsychotics in the conditioned avoidance response task (Wadenberg et al, 1998 (Wadenberg et al, , 2001 ).
The precise physiological mechanisms by which M100907 is able to reverse the behavioral alterations in DAT KO mice remain unknown. We have shown previously (Ralph et al, 2001 ) that the behavioral hyperactivity in DAT KO mice is reversed with both dopamine D 1 and D 2 antagonists, while PPI deficits are reversed only with D 2 antagonists. It is unlikely that M100907 exerts its actions directly at dopamine receptors, as the compound exhibits a low binding affinity for these receptors . Furthermore, M100907 was unable to reverse the hyperlocomotor effects of the direct D 1 agonist C-APB (O'Neill et al, 1999) in WT mice, while a dose of M100907 as high as 32 mg/kg was ineffective in countering the behavioral effects of the direct D 2 agonist apomorphine in mice. Studies using in vivo techniques, such as cerebral microdialysis, have suggested that M100907 can reduce impulse-dependent dopamine release in the rat medial prefrontal cortex (Pehek et al, 2001) , while the selective 5-HT 2A receptor antagonist SR 46349B attenuated amphetamine-induced dopamine release in the nucleus accumbens and dorsal striatum (Porras et al, 2002) . The authors of these studies have posited that the 5-HT 2A receptor exerts a minimal influence on basal dopamine efflux, hence explaining why no effects of M100907 were observed in WT animals in the present study, but may modulate dopamine release under conditions when the mesocortical system is stimulated.
However, while it is likely that M100907 reverses the behavioral deficits in DAT KO mice by modifying the presumed cause of the deficits, namely increased levels of synaptic dopamine, additional possibilities should be considered. Knockout DAT mice exhibit a number of pleiotropic developmental alterations (reviewed in Gainetdinov et al, 2002) , including an increased sensitivity to blockade of N-methyl-d-aspartate (NMDA) receptormediated glutamatergic transmission (Gainetdinov et al, 2001) . As a number of recent studies have demonstrated that M100907 is either equally so or more effective at reversing behavioral deficits in hypoglutamatergic compared to hyperdopaminergic mice (Carlsson et al, 1999; O' Neill et al, 1999) , the possibility that M100907 exerts its behavioral effects through glutamatergic signaling should be considered.
The results of the present study indicate that 5-HT 2A receptor antagonists such as M100907 may have therapeutic potential for the treatment of human disorders in which hyperactivity and deficits in sensorimotor gating occur, especially when such indications reflect an underlying aberration in dopaminergic neurophysiology, such as may occur in schizophrenia (Laruelle, 2000) . Due to its high selectivity for the 5-HT 2A receptor, which has been considered an important molecular target for the development of antipsychotic drugs (Meltzer, 1999) , M100907 has become the focus of intense interest as the first in its novel class of drugs for the treatment of schizophrenia. The very low affinity of M100907 for dopamine receptors in humans ensures that the common side effects typically associated with neuroleptics, such as extrapyramidal symptoms and hyperprolactinemia (Remington and Kapur, 2000) , do not arise significantly at physiologically relevant doses (Offord et al, 1999; Talvik-Lotfi et al, 2000) . Presently, human trials with M100907 in a broad spectrum of neuroleptic-responsive schizophrenia patients have provided mixed results (de Paulis, 2001) , and the compound does not appear to offer superior clinical efficacy compared to traditional neuroleptics. Nevertheless, findings from preclinical studies, in which M100907 augments the behavioral and neurochemical effects of typical antipsychotics such as haloperidol (Wadenberg et al, 2001; Liegeois et al, 2002) , suggest that such drugs may be useful when administered as an adjunct to neuroleptic treatment, potentially reducing the dose of the latter necessary for treatment.
The behavioral deficits and hyperdopaminergia exhibited by DAT KO mice are also of relevance to other human disorders. For instance, DAT KO mice have been hypothesized to represent an animal model of attention-deficit hyperactivity disorder (ADHD) (Gainetdinov et al, 1999) , and the ability of M100907 to reverse behavioral alterations in these animals raises the possibility that it may characterize a novel class of drugs with low side-effect profile and minimal potential for substance abuse that are efficacious in this disorder. Intriguingly, association of the 5-HT 2A receptor gene polymorphism with ADHD has been recently reported (Levitan et al, 2002) . Furthermore, the behavioral phenotype of DAT KO mice also closely resembles that of bipolar depressive disorder in humans, as both exhibit general hyperactivity and deficits in PPI (Perry et al, 2001) . The capacity of standard treatments for bipolar disorder, such as lithium, carbamazepine, and valproate, to reverse behavioral deficits in DAT KO mice remains to be determined in the further validation of these mice as a model of human disease.
